Rheumatoid arthritis (RA) is the most common complex multifactorial joint related autoimmune inflammatory disease with unknown etiology accomplished with increased cardiovascular risks. RA is characterized by the clinical findings of synovial inflammation, autoantibody production, and cartilage/bone destruction, cardiovascular, pulmonary and skeletal disorders. Pro-inflammatory cytokines such as IL-1, IL-6, IL-8, and IL-10 were responsible for the induction of inflammation in RA patients. Drawbacks such as poor efficacy, higher doses, frequent administration, low responsiveness, and higher cost and serious side effects were associated with the conventional dosage forms for RA treatment. Nanomedicines were recently gaining more interest towards the treatment of RA, and researchers were also focusing towards the development of various anti-inflammatory drug loaded nanoformulations with an aid to both actively/passively targeting the inflamed site to afford an effective treatment regimen for RA. Alterations in the surface area and nanoscale size of the nanoformulations elicit beneficial physical and chemical properties for better pharmacological activities. These drug loaded nanoformulations may enhances the solubility of poorly water soluble drugs, improves the bioavailability, affords targetability and may improve the therapeutic activity. In this regimen, the present review focus towards the novel nanoparticulate formulations (nanoparticles, nanoemulsions, solid lipid nanoparticles, nanomicelles, and nanocapsules) utilized for the treatment of RA. The recent advancements such as siRNA, peptide and targeted based nanoparticulate systems for RA treatment were also discussed. Special emphasis was provided regarding the pathophysiology, prevalence and symptoms towards the development of RA.
to 0.75% of the Indian population. Various factors such as disease activity, socioeconomic, educational status, body mass index, spirituality, age and gender affects RA patient's quality of life [2] . RA varies significantly from osteoarthritis, which is a degenerative joint disease affects only joint function ( Fig. 1 ). Gastrointestinal disturbance, renal malfunctioning and increased cardio vascular risk were also associated with RA [3] . Systemic manifestations such as subcutaneous nodules, pleuritis, pericarditis, and vasculitis, contribute to morbidity and mortality of RA development [4] . RA development seems to be stronger for men's associated with cigarette smoking than womens. The occurrence of RA is unidentified, but it is presumed that the environmental factors may contribute to its development in genetically susceptible individuals [5] . The genetic components and environmental factors influences that subsequent immune response and studies have reported that multiple cell types (including B cells, T cells, macrophages/synoviocytes) serves as key regulators for immunologic events in RA over the years [6] . The interactions between the environmental factors along with the genetics of patients were associated with RA development. The other important environmental risk factors for RA development were coffee/alcohol intake, oral contraceptive usage, birth weight irregularities and breast feeding [7] . The various symptoms associated with the RA development were shown in Fig. 2 .
Pathogenesis of rheumatoid arthritis
Pathogenesis of RA evokes that, cytokines control a wide variety of inflammatory processes in rheumatoid joints, where the imbalance between pro and anti-inflammatory cytokine activities induces autoimmunity, chronic inflammation and thereby causes joint damage ( Fig. 1 ) [8] . T cells proliferated as a cascade of immune system release activates B cells and macrophages, thereby induce cytokines such as (TNF) and interleukin (IL). Once RA diagnosis is confirmed, the pathologic inflammatory response may leads to joint destruction and extra-articular complications. These extra-articular complications may occur over time and induce infections, lymphomas, cardiovascular disease, and osteoporosis.
Cytokines plays major role due to its destructive effects on bones and articular cartilage, which provide the rationale for current RA treatment strategies, towards the usage of monoclonal antibodies against TNF-α, IL-1β, and IL-6 [6] . Tumor necrosis factor (TNF) is a proinflammatory cytokine which plays major role in regulating the inflammatory responses especially during RA conditions [9] . There is no treatment option for the complete recovery of RA, but treatment may address to decrease the joint pain, inflammation and for the protection of articular structures. Management of arthritic condition involves an interdisciplinary approach which includes physical therapy modalities associated with medical management [10] . During the past 10 years there have been major advances for the treatment of RA, including aggressive use of disease-modifying anti-rheumatic drugs and the development of immune therapies targeting towards cells specific to RA immunopathogenesis [11] . The pathogenesis of RA development is displayed in Fig. 3 .
Manifestations associated with rheumatoid arthritis
The major manifestations of RA are categorized in to three, which include bone, airway and cardiovascular system. In case of bone manifestations, bones are affected both locally and systemically. Local, factors that stimulate osteoclasts results in increased bone resorption and these osteoclasts were released from inflammatory and fibroblastic pannus cells [12] . Mostly, RA patients were prone to bisphosphonate therapy for osteoporosis or prevention of glucocorticoid-mediated bone loss. Airway manifestations of RA include cricoarytenoid arthritis, pulmonary fibrosis and small airway disease, typically seen as bronchiolitis with obstructive abnormalities in lung functions. Lung disease is more predominant in RA patients especially in male seropositive smokers. RA patient's holds 40% increased risk of mortality which leads to an increased incidence of cardiovascular disease with elevated level of inflammatory markers [13] .
Treatment options for rheumatoid arthritis
RA can be effectively managed by anti-rheumatic drugs (such as, Methotrexate (MTX), leflunomide, sulfasalazine, and hydroxy-chloroquine [14] combined with/without different non-steroidal anti-inflammatory drug (aspirin, celecoxib, diclofenac, ibuprofen, indomethacin, ketoprofen etc.,) among these drugs, MTX was considered as an effective drug since 1980 [15] . Inspite, we are also developing a formulation using MTX with another drug combination for the effective treatment of RA. In addition glucocorticoid (GC) also widely used for the effective management of RA. GC can be used as monotherapy as well as in combination with other agents. Long term administration of GCs may leads to anti-inflammatory remunerations and action against structural damage. The most widely utilized GCs were methylprednisolone, triamcinolone, prednisone, and hydrocortisone [16] . Glucocorticoidal injections, TNF-α inhibitors, T-cell activation inhibitors, Bcell depletes, IL-6 inhibitors, JAK inhibitors, immunosuppressant's and steroids are also highly effective for the treatment of RA. The use of combination therapy for RA treatment were followed during past years (10 years), but now at least one third of patients with RA are treated by combination therapy in India. Traditional approach for the management of RA has also been changed from monotherapy to combination approach. The different treatment methods adopted for RA is shown in Fig. 4 .
Problems associated with conventional dosage forms
The various conventional dosage forms available for the treatment of RA includes tablets, capsules, oral liquids, topical products, parenterals, paediatric/geriatric products and transdermal patches. Topical dosage forms for the treatment of RA includes ointment, cream, gels or paste. Transdermal patches are topical drug delivery system which delivers medication through the skin in a non-invasive manner. The major drawbacks associated with the conventional dosage forms for the treatment of RA were poor patience compliance, short half-life, low bioavailability and poor solubility which may be improved by modified novel dosage forms [17] . The novel dosage form available for RA treatments includes microparticles, nanoparticles, nanoemulsions, nanomicelles, nanodispersions, nanocapsules, nanosuspensions etc., the conventional dosage forms available for the treatment of RA are displayed in Table 1 . Table 1 Conventional dosage forms for the treatment of rheumatoid arthritis.
S. No Pharmaceutical Dosage Form Therapeutic drugs with anti-rheumatic properties
Brand Names
Mode of action References 1.
Tablets

Aspirin
Bayer, Empirin Inhibits the activity of cyclooxygenase thereby decrease the prostaglandins production [18] Celecoxib Celebrex Specially inhibits COX-2 and analgesic properties with low toxicity [19] Sulfasalazine Azulfidine Inhibits dihydrofolate reductase [20] Leflunomide Arava Immune modulatory effect by inhibiting mitochondrial enzyme dihydro-orotate dehydrogenase.
[21]
Indomethacin Indocin, Indocin-SR Analgesic, antipyretic and anti-inflammatory and decreases prostaglandin synthesis. [22] 2.
Capsules
Minocycline
Minocin, Dynacin Binds to bacterial 30 s ribosomal subunit and inhibit the synthesis of protein.
[23]
Oxaprozin Daypro Induces cyclooxygenase inhibition analgesic and anti-inflammatory activities.
[24] Cyclosporine Gengraf, Neoral Exhibits potent immunosuppressive properties and blocks the transcription of cytokines in activated T cells. [25] Sulfasalazine Azulfidine Exhibits antibacterial and anti-inflammatory effects and acts as immuno modulators. Scavenging reactive oxygen metabolites, blocks the production of prostaglandins and leukotriene's [20] Tofacitinib Xeljanz, Xeljanz XR Inhibits janus kinase enzyme and interferes JAK-STAT signaling pathway and thereby influencing DNA transcription process.
[26]
Oral liquids
Azathioprine Azasan, Imuran Acts as immunosuppressive agent and blocks the de novo pathway of purine synthesis thereby it stops DNA replication process.
[27]
Doxorubicin
Adriamycin, Doxil, Caelyx Intercalates into DNA, distorts the polynucleotide structure and result in enzyme inhibition related to the DNA replication and transcription.
[28]
4.
Topical (Oinment, Gel)
Hydroxy chloroquine
Plaquenil Acts as antimalarial agents and also exerts beneficial effect of lupus and elicits acute or chronic rheumatoid arthritis.
[29]
Piroxicam Feldene
Inhibit prostaglandin synthesis and decrease the creation of IgM rheumatoid factor and inhibitor of the cyclo-oxygenase in arachidonic acid metabolism.
[30]
MTX
Oterxup Rheumatrex Exhibits antagonistic effect on folic acid metabolism and function as an antimetabolite and inhibits dihydrofolate reductase enzyme which participates in the tetrahydrofolate synthesis.
[31]
Ketoprofen Fastum Inhibits prostaglandin synthesis through the L-arginine-nitric oxide pathway.
[32]
Transdermal patches
Diclofenac sodium
Voltaren-XR Induce anti-inflammatory, antipyretic, and analgesic action and inhibits prostaglandins synthesis.
[33]
Teriflunomide Aubagio Proliferation of activated lymphocytes depends on a new pyrimidine synthesis by dihydro-orotate dehydrogenase and inflammatory activity likely involving both T and B cells.
Nanotechnology-an overview
Nanotechnology deals with the manipulation of issues at nuclear level to create newer novel nano materials due to its ability to produce sophisticated nanomaterials, processes and products designated at nanoscale, which is creating an additional increment over the recent years [35] . Recently many techniques were developed to study the physical phenomena and constructs (typically 1-100 nanometers) of different nanomaterials [36] . The term "smart materials" has been utilized to describe nanoparticles to focus delivery of drugs to particular organs of the body. This technology paved its way for the past several years towards the expansion in the potential uses of nanoparticles as cosmetic products. Liposomal technologies were utilized to adjust optical properties, in order to improve its solubility and to alter its physical properties, provided for hydrophilic vesicles with phosphatidylcholine membrane(s) [37] . Nanomaterials have been used in medicinal field for therapeutic drug delivery with the focus for treatments of various diseases/disorders. Micro and nano scale systems can maximize the efficacy of therapeutic treatments in numerous ways because they paves the ability to rapidly detect and respond to disease states directly at the site by improving the patient's quality of life [38] .
Nanoparticles for the treatment of RA
Nanoparticles are spherically shaped particles [39] . The size, surface characteristics and morphology of nanoparticles possess essential role towards the biodistribution of nanoparticle for RA treatment [40] . Nanoparticles (NPs) are utilized as therapeutic/imaging agents, for theranostic applications. The encapsulated drug containing particles helps to afford targeted delivery/controlled release of encapsulated drugs. Physicochemical properties associated with, passive targeting of drugs for RA treatment, includes particle size, charge shape and surface characteristics. Especially, nanoparticles due to their biocompatibility and biodegradability properties hold its vital role in pharmaceutical industries. Nanoparticles conjugated with specific ligand targets and facilitate cellular penetration [41] . The most commonly reported liposomes, micelles, metallic nanoparticles, and polymeric nanoparticle affords efficient delivery towards the treatment of RA. Nanoparticles can be taken by systemic circulation through different process such as adsorption, ligand receptor attachment, covalent coupling, and internalization [42] .
NSAIDs based delivery systems were widely reported for RA, which decrease pain (analgesia) associated with early stage of RA through its anti-inflammatory mechanisms without loss of articular function, additionally; it blocks COX-1 and COX-2 enzymes which play an essential role in the generation of prostaglandins. Drug containing nanoparticle systems were delivered therapeutically to inflamed synovium [43] . Metal oxide nanoparticles reveals various desired characteristics such as drug carriers with incredible higher surface area and huge pore sizes for drug encapsulation, intrinsic biodegradability characteristics due to its labile metal-ligand bonds, and versatile functionality for post synthetic grafting of drug molecules [44] . Rutin stabilized silver nanoparticles elicits anti-inflammatory activity in chronic inflammation by its critical inhibition of the creation of pro-inflammatory cytokines (tumour necrotic factor-α (TNF-α) and interleukin-6 (IL-6). Silver nanoparticles have been also utilized for therapeutic benefits in RA patients [45] .
Lee et al. [46] developed a hyaluronate gold nanoparticle/Tocilizumab (HA-AuNP/TCZ) complex for the treatment of RA. They utilized an immunosuppressive tocilizumab as a monoclonal antibody, targeting the interleukin-6 (IL-6) receptor. Synthesis of gold nanoparticles was performed using citrate method. They attained a particle diameter of 64.83 nm with a polydispersity index of 0.18 for HA-AuNP/TCZ complex. They found that TCZ was steadily released from the HA-AuNP/ TCZ complex up to 80% for about 8 days after incubation in the bovine serum albumin. Further they observed anti-angiogenic effect of the developed HA-AuNP/TCZ complex upon proliferation of HUVEC cells by binding to VEGF receptor. At in-vivo level they found that treatment with HA-AuNP/TCZ complex in RA induced mice exhibits clear interface between cartilage and bone comparable to the normal group (without RA induced). Further their confirmation by western blot analysis showed significant upregulated expression levels of IL-6 and CD68, which indicates that the treatment with HA-AuNP/TCZ complex resulted in significantly reduced levels of IL-6 and CD68. Finally they conclude that, HA-AuNP/TCZ complex might be useful for the dual targeting drug candidate to VEGF and IL-6R receptors for the treatment of RA. Celecoxib loaded tristearin based lipidic nanoparticles (CEL-TS-LN) was synthesized by Kishore et al. [47] and they checked for its effective management in RA treatment by in-vitro/in-vivo studies. They utilized celecoxib as the selective cyclooxygenase-2 (COX-2) inhibitor, orally for the treatment of RA. They utilized statistical experimental design to optimize the nanoparticle using the independent variables (homogenization speed, quantity of tristearin and quantity of emulsifier) depend on desired particle size, loading efficiency and drug release. They observed a particle size of 188.6 nm with a PDI 0.26, obtaining a spherical morphology. XRD results indicated that the drug is dispersed at a molecular level in the lipid matrix and also rapid quenching of the micro emulsion prevents the drug to crystallize stage.
In-vitro drug release study revealed a continuous drug release of 62% within 36 h; and they found that drug release follows a zero order and Fickian diffusion pattern. In-vivo studies revealed the significant reduction in inflammation with improvement in lysosomal enzymes, collagen and glycosamino glycan levels in CEL-TS-LN treated rats compared to the pure drug (CEL) treated group. Finally, they suggested that the poorly soluble celecoxib encapsulated tristearin solid lipid nanoparticles facilitated safe, efficacious, prolonged release characteristics with enhanced bioavailability.
The chitosan nanoparticle (CHNP) loaded with dexamethasone (DEX)/(MTX) was developed by Kumar et al. [48] for the efficient treatment of RA. They prepared chitosan nanoparticle using ionic gelation method. The entrapment efficiency of MTXCHNPs and DEXCHNPs was found to be from ∼55% and ∼10% respectively. They achieved size and charge for CHNPs, MTXCHNPs, DEXCHNPs about 299.4 nm (PDI 0.437), 217.4 nm (PDI 0.275), 329.8 nm (PDI 0.286) and +35.7 mV, +26.9 mV, +19.5 mV respectively. The FTIR results confirmed that phosphoric group of tripolyphosphate with amine groups of chitosan plays the major role for hydrogen bond in the formulation of MTXCHNP and DEXCHNP. They observed a controlled release patterns coupled with diffusion of drug in two different buffers at pH 7.4 and pH 5.8 respectively. They studied the cellular behaviour in HEK and murine macrophage cell line RAW264.7 cell lines. The IC 50 value for MTXCHNP in human Embryonic Kidney cells was 26.1 μg/mL and 7.7 μg/mL for RAW cell lines. The IC 50 value for MTXCHNP was 20.12 μg/mL in HEK cells and 7.37 μg/mL in RAW264.7 cells. Cellular uptake studies indicate the internalization of nanoparticles by phagocytosis process. The drug release gets enhanced at lower pH with increased cytotoxicity. Insignificant ex-vivo haemolysis indicated the higher biocompatibility of the nanoparticles. The synthesized CHNP exhibited maximum absorption in blood circulation within 3 h, followed by hepatic metabolism and renal clearance. Finally, they observed higher anti-arthritic activity with antioxidant potential for the developed nanoparticulate systems. Dewangan et al. [49] synthesized curcumin loaded carboxy methyl cellulose acetate butyrate nanoparticles (CMCAB) by flash nano precipitation method using multi inlet vortex mixer for the treatment of diseases like colon cancer, pancreatic cancer, RA and Alzheimer's disease. They varied the reynolds number of the inlet streams to optimize the nano particle size and average diameter and observed a size around 155-400 nm. They observed that the synthesized nanoparticle were amorphous nature. They found that, nanoparticles have been demonstrated especially to expand absorption and bioavailability of drugs, leading to effective drug administration.
Lee et al. [50] examined the effect of arginine-glycine aspartic acid (RGD) attached gold half shell nanoparticle containing MTX as category of DMARDs for the treatment of RA. They utilized RGD peptide as targeting moiety for inflammation. Near-infrared irradiation, upon the development of nanoparticles generates heat due to gold half shells, and MTX gets rapidly released. Synovial inflammation at multiple joints may be targeted with a penetration depth of near infrared light using this therapy. Nanoparticle with smaller dosage (1/930 of MTX solution) treatment would contribute to collagen-induced arthritic mice. They emphasized that multifunctional nanoparticle were effective for maximizing the therapeutic efficacy and minimizing dosage-related side effects in the treatment of RA. Furthermore, they showed that the nanoparticle could be applied for DMARD for the treatment of RA and other diseases. Tacrolimus (TAC-HSA-NPs) loaded albumin nanoparticles was developed by Thao et al. [51] using nanoparticle albuminbound technology to improve targetability and anti-arthritic efficacy. They observed an average diameter and charge of 185 nm and +30.5 mV respectively with spherical morphology. The encapsulation efficacy of TAC, within the nanoparticles was 79% and the water solubility of the developed nanoparticles gets increased 46 times than that of free TAC. TAC gets steadily discharged from the developed NPs over 24 h, which provides enough time for targeting and treatment in inflamed arthritic site by intravenous injection. In-vitro studies reported the anti-proliferative activities of TAC HSA-NPs monitored upon activated T cells compared with non-activated T cells. TAC HSA-NPs displayed significant higher anti-arthritic potential than TAC formulations compared to intravenously administered TAC solution or oral TAC suspension, as reflected by the incidence of arthritis and clinical score (1.6 vs. 3.2 and 5.0, respectively). Hence they conclude that novel TAC HSA-NPs may be an efficient drug delivery system for enhanced solubility with increased accumulation of drugs at joints for RA treatment.
The different nanoparticulate based delivery system adopted using various drugs are showed in Table 2 .
The significance of nanoparticles based formulation for the treatment of RA may afford improved bioavailability, increased accumulation of drug at the diseased inflamed site and prolonged release characteristics. At the superior level, these nanoparticulate based formulation may also elicits targetability potential with specific receptors.
Nanoemulsion for the treatment of RA
Nanoemulsions are isotropic, transparent systems consisting of oil, water and emulsifier and hold an average diameter of 20-500 nm. Emulsifiers plays essential role in settling nanoemulsions through repulsive electrostatic interactions and steric hindrance. The expansion of an emulsifier is mandatory for the production of smaller sized droplets as it decreases the interfacial tension and surface energy per unit range, between the oil and water phases of the emulsion [52] . Nanoemulsions have been reported to enhance bioavailability and efficacy of most antiinflammatory agents [53] . Nanoemulsions have been used in food industries as flavored nanoemulsions and in cosmetic industries for skin hydration with ease of application. In pharmaceutical field, nanoemulsions have been utilized for drug delivery systems especially for parenteral, oral, ocular, and topical administration [54] . In addition to that, nanoemulsions contain building blocks for complex material such as compartmentalized nanoparticles and encapsulated oil droplets [55] . The properties associated with nanoemulsion were, high surface area per unit volume, robust stability, optically transparency, and tunable rheology.
MTX loaded lipidic nanoemulsion for the treatment of RA was developed by Mello et al. [56] and they determined the plasma decaying curves and biodistribution of MTX loaded nanoemulsion by radioactive counting method in antigen induced arthritis rabbits. In-vivo studies revealed that, MTX loaded nanoemulsion was taken up mainly by the liver and the uptake by arthritic joints was twofold greater than that of control joints. MTX loaded nanoemulsion treatment reduces leukocyte influx into the synovial fluid (65%) in particular, mononuclear and polymorphonuclear cells was reduced by 47 and 72%, respectively. Protein leakage into the arthritis induced rabbit knees was also more limited for MTX loaded nanoemulsion treatment, than commercial MTX treatment. These results indicate the superior anti-inflammatory effects in the joints of rabbits with antigen-induced arthritis compared to commercial MTX Hoscheid et al. [57] developed an oil based novel therapy for RA treatment. Since, Pterodon pubescens oil is commonly used due to its anti-rheumatic, antinociceptive and anti-inflammatory activities. They optimized a nanoemulsion comprising P. pubescens oil for intramuscular administration. They estimated the influence of altered ingredients such as polysorbates and PEG castor oils, upon physicochemical properties of formulations and found that droplet size of the nanoparticle to be around 199 nm. They observed a pseudoplastic behavior enabling effect, and this may be found suitable for nano emulsion based RA treatment.
Meloxicam loaded nanoemulsions for transdermal delivery of RA was developed by Pathan et al. [58] . They determined the solubility of the meloxicam in different excipients (oils, surfactants and cosurfactants) and found that the viscosity of nanoemulsion gets increased with increasing oil content. They observed an average particle size of 60.6 nm with polydispersity index of 0.22 and zeta potential of 0.86 mV. The percutaneous permeation of meloxicam loaded nanoemulsion through the skin was observed. They concluded that the developed meloxicam loaded nanoemulsions are promising vehicles for transdermal delivery in RA treatment and joint diseases. Mello et al. [59] formulated lipidic nanoemulsions containing MTX where increased MTX intra-articular actions were observed in antigen-induced arthritis (AIA) rabbits by subsequent intra-articular injection with the antigen. After 24 h treatment the dose level increased for LDE-MTX (0.0625-0.5 μmol/kg), compared to commercial MTX (0.5 μmol/kg), LDE alone, and saline (controls). Uptake of radioactive LDE by arthritic joints was 2.5-fold greater than normal joints. Treatment with intraarticular LDE-MTX elicited a clear dose responsive pattern by reducing the synovial leukocyte infiltrate (P = 0.004) and protein leakage (P = 0.032) when compared with arthritic non-treated joints. In contrast, the intra-articular injection of commercial MTX and LDE did not reduce leukocyte infiltrate or protein leakage without toxicity issues during treatment period. The association between lipidic nanoemulsions and MTX presented a marked anti-inflammatory effect that was absent after intra-articular commercial MTX treatment. The different nanoemulsions based delivery system adopted using various drugs are showed in Table 3 . The significance of nanoemulsions based formulation for the treatment of RA may afford stability, optically transparency, inhibits pglycoprotein mediated drug efflux, promotes lymphatic transport and exhibits tunable rheology for an effective treatment regimen.
Solid lipid nanoparticle for the treatment of RA
Solid lipid nanoparticles (SLNs) are colloidal carriers with particle size ranging from 120 to 200 nm, widely utilized for controlled drug delivery which merges the benefits of polymeric nanoparticles and oil in water emulsions [60] . SLNs possess remarkable properties such as a good tolerability, protection of incorporated active compounds against chemical degradation, higher bioavailability with incorporation of both lipophilic and hydrophilic drugs, higher drug loading capacity and relatively safe for biological applications [61] . Due to its unique size range SLNs rarely undergoes blood clearance by the reticulo endothelial system. SLNs were made up of physiological lipids, fatty acids, phospholipids and mono/di/triglycerides. SLNs may be prepared by various techniques such as, high shear homogenization, ultrasound, high pressure homogenization, hot homogenization, cold homogenization, solvent emulsification and evaporation methods. In recent years, greater attention has been focused towards lipid based formulations for the improved oral bioavailability of poorly water soluble drugs using SLNs [62] . The drug carrier combines the advantage of polymeric nanoparticles, fat emulsions and liposome; due to its improved physical stability, low cost, ease of scale-up, and producing [63] .
Curcumin loaded solid lipid nanoparticles (C-SLNs) for inflammation by overcoming the poor bioavailability issues of curcumin was developed by Arora et al. [64] . They observed an average particle size, drug content and entrapment efficiency of 134 nm, 3.78 mg/mL and 81.92%. They examined the effect of pure curcumin and C-SLNs in complete freund's adjuvant (CFA)induced arthritic rats. They showed that C-SLNs act as carrier for effective delivery of curcumin to RA patients. They elicited that C-SLNs showed its anti-arthritic mechanism through oxido-inflammatory and immunomodulatory cascade in CFA induced arthritis model. Peng et al. [65] developed SLNs for the sustained release and transdermal delivery of piroxicam (Pir), as well as to elucidate the anti-inflammation effect of developed SLNs. They observed that, Pir loaded SLNs possess average particle size of 102 nm with a PDI of 0.262 and charge of +30.21 mV. However, their optimized formulation showed that Pir-SLNs were spherical shaped with higher entrapment efficiency (87%). They demonstrated that, SLNs were best carrier for encapsulation and sustained release of drugs. Pir-SLNs illustrated the anti-inflammatory responses in edematous site, by reducing the secretion of inflammatory cytokines.
Piperine loaded solid lipid nanoparticle (P-SLNs) by melt emulsification method for RA treatment was formulated by Bhalekar et al. [66] . They found an average diameter of 128.80 nm, with an encapsulation of 78.71% and charge of −23.34 mV. In-vivo pharmacodynamic studies in complete freund's adjuvant induced arthritic rats showed significant reduction of TNF-α in treated rat which might be the mechanism behind the DMARD action of P-SLNs. Raj et al. [67] developed aceclofenac loaded solid lipid nanoparticles (ACF-SLNs) by incorporating into hydrogels by ultrasonic emulsification method using glyceryl monostearate as lipid. They optimized on the basis of lipid and stirring speed and found the average particle size (189 nm), polydispersity index (0.162 nm) and zeta potential (-32.51 mV) respectively for optimized formulation. They observed an entrapment efficiency of about 85%. In-vivo studies, showed better inhibition of edema with the magnitude of 81% after 6 h, as compared to that of plain ACF hydrogel. Furthermore, optimum size of the SLNs and close contact with the stratum corneum improved the enhanced skin deposition of drug. Thereby they emphasized that ACF-SLNs could have beneficial effect for RA treatment.
Injectable actarit loaded solid lipid nanoparticles (A-SLNs) as passive targeting agent for RA treatment was developed by Ye et al. [68] . In this method A-SLNs were used to target spleen and to eliminate the adverse effects (nephrotoxicity) upon oral administration. Their optimized formulation showed an average size of 241 nm with a charge of -17.14 mV. They showed that entrapment efficiency and loading for A-SLNs were 50.87% and 8.48%, respectively. They achieved that, the plasma concentration of A-SLNs were 1.88 times better than that of the actarit in 50% propylene glycol solution. However, targeting efficiency of A-SLNs was enhanced from 6.31% to 16.29% in spleen while the renal distribution of drug gets significantly reduced as compared to that of the drug solution, after intravenous administration to mice. These results suggests that injectable A-SLNs acts as promising passive targeting therapeutic agents, with reduced doses, decreased dosing frequency and lowered toxicity for RA treatment. The different SLNs based delivery system adopted using various drugs were showed in Table 4 .
The significance of solid lipid nanoparticles based formulation for the treatment of RA may afford controlled/sustained release pattern with lowered dosing frequencies. These solid lipid based nanoparticles may also have the capacity to enhance the bioavailability of the encapsulated drug in RA treatment.
Nanomicelles for the treatment of RA
Nanomicelles are amphiphilic molecules or surfactant monomers that have a polar head and a lipophilic tail. The properties related with amphiphilic molecules in solution results in developmental structures termed as micelles. These micelles hold internally hydrophobic core and externally a hydrophilic surface [69] . Micelles are generally made up of 50-200 monomers. The parameter which affects the micelle formation was the size of the hydrophobic area of amphiphilic molecule, amphiphile concentration, temperature, and solvent [70] . Polymeric micelle holds the diameter of 10-100 nm. Micellar core serves as a compatible microenvironment with center point for joining water insoluble guest molecules. Hydrophobic molecules can be covalently [59] coupled to the block copolymers or it can be physically incorporated into the hydrophobic micelle core. Solubilization process of nanomicelles leads to enhancement of their water solubility and bioavailability. Cyclosporine A loaded polysialic acid-polycaprolactone micelles (PSA-PCL-CyA-NMs) for the treatment of RA was developed using selfassembly process using grafting technology by Wilson et al. [71] . However, PSA-PCL-CyA-NMs possess a loading capacity and loading efficiency of 0.09% and 29.3% precisely. In-vitro cellular behaviour studies in SW982 (synovial fibroblast cell line) indicated that, CyA gets released from PSA-PCL micelle by subsequent uptake of synovial fibroblasts through a non-receptor mediated endocytosis and partitioning of CyA into phospholipid membrane. Crielaard et al. [72] developed dexamethasone-loaded polymeric micelles (DEX-PMs) for the treatment of RA. They observed an average diameter of 70 nm and PDI of 0.1. However, highly efficient encapsulation of the DEX derivatives (> 80%) was attained at a drug/polymer ratio of 10% (w/w) and they confirmed the effect of developed formulation in-vivo in adjuvant induced arthritis model. Finally, they suggests that treatment of DEX-PMs showed an immediate and prolonged anti-arthritic effect in animal model and emphasized that DEX-PMs were significantly more effective than free DEX in terms of inhibition of arthritis score (p < 0.05 on day 16 and 20; p < 0.001 on day 21 onwards) by minimizing the degree of ankle swelling. Zhang et al. [73] developed indomethacin loaded polymeric micelles (IND-NMs) by conjugating amphiphilic polyphosphazenes with poly (N-isopropylacrylamide) and ethyl 4-aminobenzoate as adjacent groups by thermal ring opening polymerization. In-vivo pharmacodynamic studies performed on both acute paw edema and adjuvant arthritis models indicated that a sustained therapeutic efficacy could be achieved through local or intra-articular injection of IND-NMs. Furthermore, they suggest that amphiphilic copolymers could be utilized as injectable drug carriers for hydrophobic drugs. Wang et al. [74] developed low-dose glucocorticoidal therapy by utilizing micelle loaded with dexamethasone (DEX). They synthesized the polymeric micelle using poly (ethylene glycol)-block-poly (ε-caprolactone) (PCL-PEG) by self-assembly process. DEX incorporated into the PCL-PEG micelles showed an encapsulation of 94.2% and critical micellar concentration of 7.2 μg/mL. Cellular behaviour in Raw 264.7 cells showed a viability of 90%, whereas the free drug showed a viability of 70%. These results confirmed the conjugation of PCL-NPC and PCL-PEG in NMR analysis. They found that, DEX-NMs may afford a targeted delivery to inflamed joints. These indicate the potential of DEX-NMs at lower dose for the treatment of inflammatory diseases. Helmy et al. [75] developed larnoxicam loaded nanomicelles (LX-NMs) by direct equilibrium technique for RA treatment. The hydrodynamic diameter and poly dispersive index of LX-NMs were found to be 169.45 nm and 0.243 respectively. In-vivo study revealed that LX-NMs exhibits better inhibitory effect on carrageenan-induced edema than free LX. LX-NMs showed effects comparable to that of diclofenac. In study period after 14th day, there was significant reduction in edema percentage and increased weight growth. They emphasized that, LX-NMs can be considered for RA treatment and inflammatory disorders. The different nanomicellar based delivery system adopted using various drugs were showed in Table 5 .
The significance of nanomicelles based formulation for the treatment of RA may afford tendency to break beyond critical micellar concentration, longer circulation behaviour, sustained release effect, improved bioavailability, enhanced solubility, increased accumulation of drug at the diseased inflamed site and prolonged effect.
Nanocapsules for the treatment of RA
Nanocapsules are sub-micron sized formulations ranging from 10 to 1000 nm, which contains one or more active materials (core) which forms a protective matrix (shell) [76] . The therapeutic substance may be in the form of liquid/solid/molecular dispersion surrounded by a polymeric membrane. Nanocapsules have recently attracted significant interest due to its protective coating, which is generally pyrophoric and gets effectively oxidized [77] [78] [79] . The main advantages of nanocapsules towards drug delivery applications were sustained release property, incremental drug selectivity, improved bioavailability and alleviation of drug toxicity [80] . In addition, polymeric nanocapsules enhance the safety and efficacy of drugs by increasing their aqueous solubility, protecting them from degradation, controlling release, enhancing bioavailability and tissue selectivity [81] [82] [83] [84] . The diversified applications of nanocapsules in various fields includes, agrochemicals, genetic engineering, cosmetics, wastewater treatments, adhesive component applications, delivery of the drug to tumours, radiotherapy and as liposomal nanocapsules in food science/ agriculture [85] .
Bernardi et al. [86] synthesized indomethacin-loaded nanocapsules (Ind-NCs) and evaluated its acute and sub chronic edema in experimental rat models by comparing their results with free indomethacin by employing in-vivo models in carrageenan-induced acute oedema, subchronic oedema and CFA-induced arthritis. The developed Ind-NCs [75] were more potent in both sub-chronic and in CFA induced the arthritis model, when compared to pure indomethacin. However, in CFA arthritis model, treated with Ind-NCs markedly inhibited the serum levels of the pro-inflammatory cytokines tumour necrosis factor A and IL-6 (83% and 84% sequentially), while the levels of the anti-inflammatory cytokine IL-10 were significantly increased. This indicates that gastrointestinal damage in Ind-NCs treated animals were significantly lesser in comparison to Indomethacin treated groups and these results suggested that these formulation might represent a promising alternative for treating chronic inflammatory diseases, with decreased undesirable effects. Friedrich et al. [87] developed tacrolimus loaded lipidic core nanocapsules (TAC-LCNCs) to afford systemic anti-arthritic properties using self-assembly process and they showed unimodal particles size distribution with an average particle size of 212 nm (PDI < 0.12) at an encapsulation of 99%. In-vivo studies elicits that the animals treated with TAC-LCNCs showed significant inhibition of paw oedema after intraperitoneal administration. They suggested that these LCNCs have potential to prevent hyperglycemia mediated adverse effect of the drug and they conclude that TAC-LCNCs served as novel nanomedicine for the treatment of inflammatory disease. Boechat et al. [88] developed MTX-loaded lipidic core nanocapsules (MTX-LCNCs) and observed an averaged particle size and encapsulation efficiency of 172 nm and 20.0% respectively. They observed that MTX-LCNCs reduced both TNF-α and serum levels. MTX-LCNCs showed its efficacy by decreasing the pro-inflammatory cytokines and T-cell-derived cytokines such as interferon-gamma and interleukin-17 A than MTX solution. Furthermore, they concluded that these formulations were more effective towards inflammation control at doses 75% lower than conventional MTX.
In-vivo antioedematogenic activity for polyphenols (resveratrol and quercetin) co-encapsulated in lipid-core nanocapsules in complete freund's adjuvant induced arthritis models was studied by Coradini et al. [89] and they observed inhibition of 37% to 55% among day 16th and 22nd day after arthritis induction with major histological changes (fibrosis in synovial tissue, cartilage and bone loss). Unlike conventionally arthritis treatment, drugs co-encapsulated in lipid-core nanocapsules did not alter hepatic biochemical markers (ALP, Alkaline phosphate; ALT, alanine aminotransferase; AST, aspartate aminotransferase). Finally, they conclude that lipid-core nanocapsule may be their efficacious as oedematogenic agents without hepatotoxic effects.
Rollett et al. [90] developed folic acid (FA) functionalized human serum albumin nanocapsules (HSA-NCs) for the targeted delivery to chronically activated macrophages specific for RA treatment using method avoiding toxic crosslinking chemicals and emulsifiers. The optimized formulation showed an average size of 443 nm with polydispersity index 0.066. They confirmed the FA distribution on the surface of HSA nanocapsules three-dimensionally after fluorescence labelling in confocal laser scanning microscopy (CLSM). Besides, particular binding and internalization of HSA-NCs by FRβpositive and FRβ-negative macrophages, acquired from human peripheral blood mononuclear cells, was demonstrated by flow cytometry. FRβ-communicating macrophages demonstrated and expand binding for FA modified capsules compared with those without FA. This folate based nanocarrier may be used to target activated macrophages without affecting normal cells in RA treatment. The different nanocapsules based delivery system adopted using various drugs were showed in Table 6 .
The significance of nanocapsules based formulation for the treatment of RA may afford longer site specific dose retention, rapid absorption of drug, improved bioavailability, higher dose loading, controlled release effect, enhanced solubility and improved therapeutic effect.
Recent advancement for the treatment of RA
Recently siRNA, peptides and targeted approaches based nanoformulation approaches were attempted for the effective treatment of RA (Fig. 5 ). The different approaches focussed towards the treatment of RA were shown below. 7.1. siRNA based nanoparticulate systems for the treatment of RA Cellular mechanism responsible for post-transcriptional gene silencing acting on messenger RNA (mRNA) is termed as RNA interference (RNAi). Silencing attained with small interference RNA (siRNA) is transient; hence novel strategies were developed and reported to achieve more permanent silencing. Vectors encoded strategy such as short hairpin RNA (shRNA) may be also used for long-term stable cell silencing approach. Due to the excellent gene silencing potential of RNAi, it has attracted broad attention in terms of high specificity, significant effect, minor side effects and ease of synthesis. siRNA has the capacity for silencing a specific gene of interest. The problem associated with naked siRNA upon systemic administration was degradation with nucleases which ultimately shortens the siRNA circulation time in the blood stream. Moreover, siRNA gets engulfed through receptor mediated endocytosis, thereby escapes from the endosomal compartment with decreased therapeutic efficacy of naked siRNA. However, these issues have been recently addressed through the development of nanotechnology based products. In order to afford a better protection the siRNA has been encapsulated in to positively charged particles which effectively protects from serum degradation and off-target immunological effects. Recently, siRNA based delivery systems were utilized for the treatment of RA, especially providing an efficient distribution into peripherally inflamed tissue.
RNA interference is major phenomena mediated by small interfering RNA (siRNA), which is effective in gene silencing with a high degree of specificity. Komano et al. [91] developed wrapsome (WS) containing siRNA (core composed of a cationic lipid bilayer and siRNA complex enveloped in a neutral lipid bilayer in polyethylene glycol over the surface) (SiRNA/WS) and they checked its therapeutic activity in collagen induced arthritis (CIA) mice model, at an intravenous dose of Cy5-labeled siRNA/WS. They showed that the efficacies of siRNA-targeting tumor necrosis factor (TNF-α/WS) in CIA mice by arthritis score. They further quantified TNF-α and mRNA levels in the joints by realtime reverse transcriptase-polymerase chain reaction and observed that the intensity of the fluorescence remained higher up to 48 h after injection in Cy5-siRNA/WS. The siRNA/WS combined with CD11b + macrophages and neutrophils in the inflamed synovium, suggested that the expression of various molecules is associated with the pathogenesis of RA. Hence, they conclude that treatment with TNF-α siRNA/WS reduces TNF-α mRNA level in the joints compared to control group. Finally, they emphasized the efficient delivery of siRNA to arthritic joints.
Scheinman et al. [92] developed RGD functionalized siRNA-loaded poly (lactide-co-glycolide) (PLGA) nanoparticles (NPs) as a nanosystem for delivery of STAT1 siRNA to joint tissues of CIA mouse model. They observed the nanoparticles property and stability of siRNA after encapsulation. Morphological examination reveals size range of RGD-NPs of 100-200 nm with net positive charge, which may be due to RGD functionalization. PLGA NPs protects the siRNA from serum degradation and presence of the RGD peptide on the NPs outer surface increases tissue uptake by 10-200 folds in arthritic mice. RGD functionalization increased lung delivery of nanoparticles in arthritic mice compared to control group. RGD functionalized PLGA nanoparticles encapsulated STAT1-targeted siRNAs may be more effective for the treatment of arthritis, possibly through a selective inhibition of macrophage and dendritic cell activation.
Lee et al. [93] developed nanocomplex of polymerized siRNA (poly-siRNA) focusing on TNF-α with thiolated glycol chitosan (tGC) polymers for the treatment of RA. They showed that, Poly-siRNA formed by self-polymerization of thiol groups at the 5′ end of sense and antisense strand of siRNA encapsulated with tGC polymers, results in polysiRNA-tGC nanoparticles (psi-tGC-NPs) with an average diameter of 370 nm. The macrophage culture system, psi-tGC-NPs showed that rapid cellular uptake and excellent in-vitro TNF-α gene silencing efficacy. In addition, psi-tGC-NPs showed higher accumulation at arthritic joint sites in CIA mice. The matrix metalloproteinase 3-specific nanoprobe and micro computed tomography results showed that intravenous injection of psi-tGC-NPs significantly inhibits inflammation and bone erosion in CIA mice, comparable to MTX (5 mg/kg). Therefore, the availability of psi-tGC-NP therapy that target specific cytokines may herald new era in the treatment of RA.
Park et al. [94] developed PLGA nanoparticles loaded with dexamethasone and siRNA for the treatment of RA. Here, dexamethasone was initially loaded into PLGA nanoparticles, and then drug-loaded PLGA nanoparticles were complexed with poly (-ethyleneimine) (PEI)/ siRNA. For the assessment of co-delivery of siRNA and dexamethasone into human chondrocyte cell line (C28/I2), cells were transfected with green fluorescence protein siRNA (GFP siRNA) and drugs. After transfection with GFP siRNA, 70% reduction of C28/I2 cells demonstrated GFP expression, whereas MOCK carrying PLGA nanoparticles and PLGA nanoparticles without siRNA does not showed any remarkable differences of GFP expressions. Combined dexamethasone and COX-2 siRNA treatment clearly reduced the expression of inflammatory and apoptosis related factors produced in C28/I2 cells, which were induced to enter an inflammatory state by TNF-a (10 ng/mL). COX-2 and inducible nitric oxide (iNOS) productions in C28/I2 cells were examined after TNF-α pre-treatment to induce expression of arthritis-related molecules invitro. Finally, they conclude that the reduction of gene and protein expression associated with arthritis by transfection with dexamethasone-loaded and COX-2 siRNA-complexed PLGA nanoparticles.
Desai et al. [95] designed cyclic cationic head lipid-polymer hybrid nanocarriers (CyLiPns) encapsulated with anti-nociception agent Capsaicin (Cap) and anti-TNFα siRNA (siTNFα) for the treatment of chronic skin inflammations. Physico-chemical characterizations including hydrodynamic size, surface potential and entrapment efficacies of CyLiPns were found to be 163 ± 9 nm, 35.14 ± 8.23 mV and 92% respectively for Cap. In-vitro skin distribution studies showed that CyLiPns could effectively deliver FITC-siRNA up to 360 μm skin depth. Further, enhanced Cap permeation from CyLiPns was observed compared to capsaicin-solution and capzasin-HP. Therapeutic efficacies of CyLiPns were assessed using imiquamod-induced psoriatic plaque model. CyLiPns carrying both Cap and siTNFα showed significant reduced expression of TNF-α, NF-κB, IL-17, IL-23 and Ki-67 genes compared to either drugs alone and were in close comparison with Topgraf®.
Duan et al. [96] designed core shell nanoparticles loaded with siRNA for the effective treatment of arthritis. They prepared the nano carrier by (polyethyleneimine [PEI]-super paramagnetic iron oxide nanoparticle [SPIO]), composed of a core of iron oxide with a shell of PEI for the delivery of SiRNA. Nanoparticles were administered intravenously to arthritic rats to analyze cellular uptake, tissue distribution and the therapeutic effect of siRNA against the IL-2/-15 receptor b chain (IL-2/IL-15R). PEI-SPIO-delivered siRNA accumulated easily in inflamed joints and was efficiently taken up by joint macrophages and T cells. In-vitro studies suggested that PEI-SPIOs loaded with siRNA exhibited negligible cytotoxicity, improved siRNA stability and induces specific gene silencing in-vitro. PEI-functionalized SPIOs used for systemic siRNA delivery in RA with enhanced therapeutic benefit by application of external magnetic field.
Targeted nanoparticulate systems for the treatment of RA
Drug delivery systems can be further improved for its therapeutic efficacy and specificity towards the treatment of various disorders using active targeting ligands such as antibody, peptide and polysaccharides. The two modes of targeting were active and passive. In the treatment of RA, the nanoparticulate formulation has been targeted towards the selectively expressed CD44 surface receptors. Mediators such as growth factors, pro-inflammatory cytokines, chemokines, cell adhesion molecules, and proteases plays vital role in the RA development. In this strategy angiogenesis and inflammation were the conditions associated with RA progression. The CD44, CD64, folate receptor-beta (FR-β), vasoactive intestinal peptide (VIP) receptor, and scavenger receptor class A, toll-like receptors, transforming growth factor-beta receptors were over expressed in macrophages. Whereas αvβ3 integrins, E-selectin, vascular cell adhesion molecule-1 (VCAM-1), and intercellular cell adhesion molecule-1 were predominantly expressed during angiogenic conditions. MTX-loaded poly (lactic-co-glycolic acid, PLGA) gold (Au)/iron (Fe)/gold (Au) half-shell nanoparticles (NPs) combined with arginineglycine-aspartic acid (RGD), was developed by Kim et al. [97] . They accomplished average diameter of NPs about 135 nm with estimated MTX loading of 2 wt %. During near-infrared (NIR) irradiation, heat generated at the inflammed site due to the NIR resonance of Au halfshells which MTX release from PLGA nanoparticles. They found that, Fe half-shell layer inserted between the Au half-shell layers facilitates invivo T2-magnetic resonance (MR) imaging besides to NIR absorbance imaging. Moreover, the distribution of the nanoparticles to the inflammed region in collagen-induced arthritic (CIA) mice, and their retention can be enhanced under the influence of external magnetic field. When combined with successive NIR irradiation and external magnetic field results in higher therapeutic effects compared to conventional treatment despite the use of MTX dosages 0.05% dosage of NPs.
Jain et al. [98] developed an alginate based nanoparticles encapsulated with anti-inflammatory (IL-10) cytokine encoding plasmid DNA. They found that the average particle size of the unmodified NPs was 470 nm. They modified the surface of the nano-carriers by scrambled and tuftsin peptide and particle size was found to be 327.5 ± 3.5 nm and 299.7 ± 2.2 nm respectively with a spherical morphology. Nanoparticle treatment in arthritic rats significantly reduces systemic and joint tissue pro-inflammatory cytokines (TNF-α, IL-1b, and IL-6) expression, which prevents the progression of inflammation, joint damage as revealed by magnetic resonance imaging and histology. They observed an enhanced localization in tuftsin-peptide modified alginate nanoparticles into the limbs of arthritic animals when compared to unmodified and scrambled-peptide modified nanoparticles. Consequently, single dose of the targeted formulation loaded with IL-10 plasmid DNA demonstrated superior transfection efficiency with sustained local and systemic IL-10 expression (leading to alleviation of pro-inflammatory cytokines), with reduction in paw edema. These targeted alginate nanoparticle loaded with IL-10 plasmid DNA can efficiently re-polarize macrophages from M1 to an M2 state, offering a novel treatment for chronic inflammatory diseases.
In general normal inflammatory process, resolution was mediated by several agonists, among which the glucocorticoid -regulated protein is called annexin A1 also plays vital role. The pro-resloving action of annexin A1was mediated by N-formyl peptide receptor 2 (FPR2/ALX). Fredman et al. [99] mimicked a FPR2/ALX receptor activity by aminoterminal peptide encompassing amino acids 2-26 (Ac 2-26) co-loaded with collagen IV (Col IV)-targeted nanoparticles (NPs). They accomplished particle size of around ∼100 nm with charge of +30 mV for Col IV-Ac 2-26 NPs. Col IV-Ac 2-26 NPs were administered to preexisting lesions leads to improvement in protective collagen layer overlying lesions with decreased lesional collagenase activity, decrease in plaque necrosis and suppression of oxidative stress. Thus, administration of a resolution-mediating peptide (Col IV-Ac 2-26 NPs) activates its receptor on myeloid cells to stabilize advanced atherosclerotic lesions. In-vivo studies suggested that mice lacking FPR2/ALX in myeloid cells doesn't showed these improvements.These findings support the concept that defective inflammation resolution plays a role in advanced atherosclerosis, and suggest a new form of therapy.
Yang et al. [100] selectively target synovial joints in autoimmune arthritis of joint vasculature. They utilized the adjuvant induced arthritis model of human rheumatoid arthritis, and profiled the synovial vasculature (both ex-vivo and in-vivo) of a defined phage peptide-display library. They found that synthetic peptides showed binding to the joint-derived endothelial cells, as well as specificity in inhibiting binding of the respective phage to the synovial vasculature. Intriguingly, the treatment of arthritic rats with one such peptide resulted in efficient inhibition of arthritis progression. However, the suppression of arthritis was achieved via peptide-induced reduction of T-cell trafficking into the joints and inhibition of angiogenesis. Furthermore peptide differed in sequence, in receptor binding specificity, and in angiogenesis/inflammation-related cell signaling from the previously characterized arginine-glycine-aspartic acid-containing peptide. They showed that, peptides further exploited for the selective distribution of anti-arthritic agents into the inflamed joints to improving its efficacy, and reduces systemic toxicity.
Peptide based nanoparticulate systems for the treatment of RA
Peptides were recently gaining keen interest towards drug delivery for various therapeutic approaches. Bioactive peptides derived from natural proteins sources (milk, egg, plants, fish, meat etc) upon enzymatic proteolysis exert biological activities for various disorders. Most peptides exhibit antihypertensive, anti-inflammatory, antidiabetic, anticancer, antimicrobial and antioxidant properties. Casein hydrolysate has been effective against inflammation. The problems associated with peptides were low bioavailability, metabolic liability, degradation in gastro intestinal tract, low absorption, inability to cross epithelial barriers. Solid-phase peptide synthesis, ring-opening polymerization, and protein engineering techniques were utilized to incorporate/assemble the peptides in to the nanostructures. Nanoparticulate self-assemblies of different forms of peptides such as dipeptides, cyclic peptides, amphiphilic peptides, α-helical peptides, and β-sheet peptides have been utilized. Recently, peptides based delivery systems were utilized for the treatment of RA, especially from natural sources and synthetic peptides.
Zhou et al. [101] found that, melittin-derived cationic amphipathic peptide combined with siRNA acts as active targeting agent for p65 subunit of NF-K B (p5RHH-p65). Administration of p5RHH-p65 siRNA nanocomplexes down modulate inflammatory cytokines production and the expression of p65 specifically in the joints, which protect against bone erosions and preserved cartilage integrity. They identified that, p5RHH-p65 siRNA nanocomplexes potently suppressed early inflammatory arthritis without affecting p65 expression in off-target organs or elicits a humoral immune response after serial injections. Their result suggested that self-assembled p5RHH-p65 siRNA nanocomplexes act as nontoxic platform for specific delivery of siRNA to target and constrain inflammatory processes for the treatment of a variety of diseases.
Protein citrullination is an important posttranslational modification that has increased attention particularly for its involvement RA Tutturen et al. [102] evaluated the citrullinome in RA synovial fluid by direct LC-MS/MS analysis and performed an enrichment approach based on citrulline specific biotinylation technique. They analysed that, RA synovial fluid was depleted with abundant proteins, total and depleted fractions. They suggested that, total and depleted with synovial fluid after enrichment was found to be 3600 and 2100, respectively whereas without enrichment it shows 119 and 157 citrullinated peptides. Frequency of citrullinated peptides and their degree of citrullination were determined for four known RA autoantigens, as well as a novel in-vivo auto citrullination site of peptidylarginine deiminase 4. Their result indicated that direct analysis allows identification of one a fraction of the citrullinated proteins present in synovial fluid and that specific enrichment is still needed for a comprehensive in-depth elucidation of the citrullinome.
Shen et al. [103] designed immunomodulatory peptide that targets T-Cell receptor (TCR) which critically plays major role in immune diseases such as autoimmune arthritis. They used Signaling Chain HOmo OLigomerization (SCHOOL) approach and acute respiratory syndrome coronavirus (SARS-CoV) fusion peptide sequence for targeting TCR. In addition TCR Core peptide has been shown for the treatment for human T cell-mediated dermatoses that can substitute for corticosteroids. Incorporation of the peptide into self-assembling lipopeptide nanoparticles that mimic native human high density lipoproteins essentially increases peptide dosage efficacy. They found that, peptide improves collagen-induced arthritis in DBA/1 J mice and ensures against bone and cartilage damage.
Rush et al. [104] developed degradable and non-degradable poly (NIPAm-AMPS) nanoparticles encapsulated with cell-penetrating antiinflammatory peptide (KAFAK) to suppress proinflammatory cytokines such as TNF-α and IL-6 in inflamed cartilage explants. They checked KAFAK-loaded poly (NIPAm-AMPS) activity in in-vitro in human macrophage model (THP1 human monocytes) and ex-vivo in bovine knee cartilage tissue poly (NIPAm-AMPS). Their results showed a dose-dependent suppression of pro-inflammatory cytokines upon treatment with KAFAK-loaded poly (NIPAm-AMPS) nanoparticles. Further, they demonstrated selective targeting and therapeutic efficacy of KAFAK when released from both degradable and non-degradable poly (NIPAm-AMPS) nanoparticles in in-vitro and ex-vivo models. They emphasized that, poly (NIPAm-AMPS) nanoparticles loaded with KAFAK could be an effective tool for the treatment of osteoarthritis.
Future perspectives for the treatment of RA
The natural therapies such as physical therapy, occupational therapy and psychosocial therapy relevantly supports the cure of autoimmune inflammatory diseases RA at present. Eventhough combinatorial therapies are providing a better response, the aspects of selectivity and toxicity to the healthy cells creates a major issues. The future treatment options for RA treatment apart from nanoparticulate formulations may focus towards the development of selective inhibitors of proinflammatory cytokines by the virtue applications of monoclonal antibodies, bioactive peptides and siRNA based delivery systems. Molecular biology and computational chemistry oriented focussing may offers a better design for developing formulations that specifically target pro-inflammatory cytokines.
Conclusions
The interest towards the development of nanoformulations for the treatment of RA has been increased in the recent years due to its versatile applications. These nanoformulations possess versatile properties such as biocompatibility, reduced dosing frequency, lowered doses, improved efficacy, sustained effect and decreased adverse effects. These nanosystems provide systemic, topical and oral delivery of most antirheumatic arthritic drugs (glucocorticoids/ NSAIDs etc). This review may permits the basic idea to focus nano based therapeutic approaches using pharmaceutical drugs, siRNA, peptides or phytoconstituents for the effective treatment of RA.
